Motivation
Temperature is a fundamental thermodynamic variable, the measurement of which is crucial in countless scientific investigations and technological developments, accounting at present for 75%-80% of the sensor market throughout the world. [1] Traditional liquid-filled and bimetallic thermometers, thermocouples, pyrometers, and thermistors are generally not suitable for temperature measurements at scales below 10 µm. This intrinsic limitation has encouraged the development of new non-contact accurate thermometers with micrometric and nanometric precision, a challenging research topic increasingly hankered for [1] [2] .
Temperature at Sub-micrometric Scale
Current developments [1] of thermometers operating below a few micrometers and with high spatial resolution include: Ga-filled carbon/MnO nanotubes, [2] temperature dependent conformation modifications of molecular spring superstructures, [3] Raman and infrared spectroscopic probing, scanning thermal microscopy probes, and luminescence-based measurements.
Nanotube-based systems require a transmission electron microscope for the read-out and calibration, an evident limitation for practical applications. Infrared observation is restricted by diffraction resolution and other spectroscopic methods (such as Raman), and scanning microscopy systems have a read-out rate limited by material surface conditions and probe motion (typically 30 ms per pixel, making real-time temperature mapping unfeasible).
By contrast, the thermal dependence of phosphor (organic dyes or trivalent lanthanides, Ln 3+ ) luminescence is a noninvasive and accurate alternative technique that works remotely by way of an optical detection system, even in biological fluids, strong electromagnetic fields and fast-moving objects. Among the luminescent thermometers proposed so far only a handful of them effectively illustrate the temperature sensing or mapping at the sub-micrometer scale. 
Experimental Strategy
The luminescent molecular thermometer consists of Eu(btfa) 3 (MeOH)(bpeta) and Tb(btfa) 3 (MeOH)(bpeta) β-diketonate chelates [4] embedded into organic-inorganic hybrid matrix (where btfa-, bpeta and MeOH represents, respectively, 4,4,4-trifluoro-1-phenyl-1,3-butanedionate), 1,2-bis(4-pyridyl) ethane and methanol). The thermometer can be processed both as nanoclusters (100-400 nm) formed by a maghemite ( γ -Fe 2 O 3 ) magnetic core (hydrodynamic size of 21.0±4.0 nm) coated with a tetraethyl orthosilicate/ aminopropyltriethoxysilane TEOS/APTES organosilica shell, named NPS, or, alternatively, as a film, co-doping a di-ureasil hybrid matrix with the Eu 3+ /Tb 3+ β-diketonate chelates, named NPU.
Results
Both nanoclusters and film approaches effectively demonstrate a thermometer response. In practical terms it was defined a experimental parameter ∆=I Eu 2 -I Tb 2 computed using the integrated areas of Eu 3+ (I Eu ) and Tb 3+ (I Tb ) transitions, 5 D 0 → 7 F 2 (at 612 nm) and 5 D 4 → 7 F 5 transitions (at 545 nm), respectively, for each temperature. In order to compare results the relative sensitivity S R =(∂∆/∂T)/∆ was defined and also computed for all samples [5] . NPS and NPU samples present the maximum sensitivity at 120-150 K and 220 K, respectively, depending on the Eu 3+ /Tb 3+ proportion. These results demonstrate the tunability and the versatility of the thermometer, prospecting several potential applications. Several tests have been implemented to evaluate the spatial resolution of the thermometric films in comparison with the same measurement using a commercial infrared camera. Despite the optical fiber used for detection has 350 µm core diameter and illuminate a circuit circle with 900 µm diameter, it was able to resolve temperatures in steps in the order of its diameter. The infrared camera however averages the temperature in a spatial range of the order of tens of pixels, resulting in a temperature mapping with lower spatial resolution (c.a. 1mm), compared to the film aaa mapping [6] . With respect to the nanoclusters, their ability to be stable for long periods (months) at aqueous suspensions opens exciting application possibilities in the fields of biological and medical sciences.
Conclusions and Perpectives
A luminescent molecular thermometer was sucessfully demonatrated for the temperature range 10-330 K with sensitivity up to 4.9%K -1 , 1.5 times larger than the highest value reported previously [9] , and it exhibits high photostability in long-term use. The ability to tube both the sensitivity and the operation range by triggering the Eu 3+ :Tb 3+ ratio, the host matrix or the ligands allow a high flexibility of the processing conditions and consequently scopes several potential exciting applications in the fields biological and electronic sensing. 
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